TITLE OF THE INVENTION 
MONOLITHIC CERAMIC FILTER 



FIELD OF THE INVENTION 

Tins invention relates to a monolithic ceramic filter 
which has a honeycomb structure capable of achieving a h i i* h 
filtration area and a low filtration resistance and which 
may be employed for microfi 1 trat ion, ultrafiltration and 



reverse osmosis. 
BACKGROUND 

Heretofore, a number of researches have been 
conducted for achieving a compact ceramic filter wit?; a high 
filtration area, and proposals have been made of monolithic 
ceramic filters having a honeycomb structure. 

With the monolithic ceramic filters, the filtrate 
produced on filtration by a filtration membrane formed on 
the surface of the supply liquid passages flows within the 
partition walls towards an outer wall of the filter before 
being discharged out of the filter at the outer wall of the 
filter. Thus the flow volume of the filtrate within the 

partition wall becomes larger as the outer wall is 
approached . 

With the conventional ceramic filters, having the 
honeycomb structure, the partition wall has a constant wall 
thickness. Consequently, the flow rate of the filtrate 

within the partition wall is increased significantly at a 
region close to the outer wall, so that the flow resistance 
to the filtrate is increased significantly to limit the 
speed of filtration. Consequently, a ceramic filter having 
a larger filtration area has been difficult to be put into 
practice on the industrial scale. 

As solutions to this problem, crossf low ceramic 
filters having filtrate conduits as disclosed in JP Patent 



KOHYO Publication (National laying-open of PCT international 

application) Nos. 01-501534 (WO 88/07398) or 03-500386 {WO 

9 0/03831 ) t have been proposed. 

SUMMARY OF THE DISCLOSURE 

Proniem to be Solved by the Invention 

However, the above-mentioned ceramic filters having 
the filtrate conduits is complicated in structure and in 
need of highly complex manufacture techniques. For 
instance, these ceramic filters require either additional 
complicated processing and machining on a monolith honeycomb 
structure, or complicated work for assembling a number of 
honeycomb members (slabs), in order to produce flow out 
channels of the filtrate. 
Objects of the Invention 

It is an object of the present invention to provide a 
ceramic filter of a high filtration area which is Tree of 
the above-mentioned problems and with which it becomes 
possible to inhibit increase in the flow resistance to the 
filtrate within the partition wall without limitation 
imposed on the filtration speed. 

Other objectives will become apparent from the entire 
d i s I o su re . 

According to the First Aspect of the present 
invention, the above object may be achieved by a monolithic 
ceramic filter, characterized in that a portion of 



partition wall of a honeycomb structure of the filter has 
its end face exposed on an outer wall surface of the 
honeycomb structure and has an increased thickness as 
compared to the remaining portion of the partition wail to 
constitute a flow resistance relaxing portion. It is most 
advantageous that this monolithic ceramic filter can be 
produced simply by the extrusion technology. 

According to the Second Aspect of the present 
invention, additional to the First Aspect, the flow 
resistance relaxing portion (i.e., thick wall portion) has a 
filtrate discharging conduit opening reaching an outer wall 
surface of the honeycomb structure. According to the Second 
Aspect the production is also simple and easy since the 
filtrate discharging conduit openings can be produced within 
the thick wall portion additional to the First Aspect. 

With such flow resistance relaxing portion, the flow 
resistance offered to the filtrate may be prevented from 
being increased. 

Besides, with the above-mentioned filtrate 

discharging conduit opening, the flow resistance imposed to 
the filtrate may be additionally prevented from being 
i nc re ased . 

According to the Third Aspect of the present 
invention, the above object may be achieved by a monolithic 
ceramic filter defined as follows: 



A monolithic ceramic filter comprising communication 
voids separated from cells of a honeycomb structure of the 
filter by ceil partition walls, with the voids bein^ in 
communication with the lateral outside of '.lie honeycomb 
structure and continuously extending axial ly through the 
honeycomb structure. 

According to the Fourth Aspect of the present 
invention, based on the monolithic ceramic filter by the 
Third Aspect, an end frame is fitted on the end of said 
ceramic filter, preferably on both the ends. 

Preferably, the communication voids are groove- 
shaped recesses formed in the outer peripheral wall of the 
honeycomb structure. 

Preferably, the ceramic filters are of such a shape 
as to permit production thereof by extrusion molding, which 
simplifies the production significantly. 

Preferably, the end frames are each provided with 
protrusions engaged in the communication voids or the 
g roove- shaped recesses to close the communication voids at 
the ends of the honeycomb structure. 

The communication voids may extend from the inside 
of the honeycomb structure except the central part of the 
honeycomb structure in the transverse direction thereof. 
The communication voids may extend from the outer peripheral 
wall toward the inside ending at an intermediate posit 10 



Also the communication voids may extend alternately from one 
side of the outer peripheral wall and from the opposite side 
thereof as viewed in the cross section of the honeycomb 
structure. This arrangement is possible particularly in the 
case where the honeycomb structure hds a square- shaped cross 
sect i on . 

Further arrangement of the communication voids 
(groove-shaped recesses) or the flow resistance relaxing 
portions are exemplified in Figures 8 to 9. 
Concept Underlying the Invention 

Although the honeycomb type filter is effective as a 
ceramic filter having a high filtration area, the filtration 
speed is limited due to the significantly increased flow 
resistance presented to the filtrate, with the consequence 
that it is difficult to utilize the honeycomb ceramic filter 
of a high filtration area on an industrial scale. The 
present invention provides a monolithic ceramic filter 
having a high filtration area in which limitations on the 
filtration speed are resolved by preventing increase in the 
flow resistance imposed on the filtrate. 

The flow resistance offered to the filtrate within 
the partition wall (pressure loss AP ) is represented by 
Ko ze ny-C a rme n ' s formula 
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holds. In the above formulas (1) to (3), Q denotes the 

flow volume, A the cross-sectional area, £ the pore ratio, 
AP pressure loss, k a constant, L a distance, fi the 
viscosity, S the surface area and D the pore diameter. 

The above formula demonstrates that the flow 
resistance to the filtrate may be diminished such as by 
increasing the cross-sectional area A, increasing the pore 
diameter D, decreasing the distance L or by increasing the 
pore ratio e . The present invention has been accomplished 
on the basis of the above finding. 

According to the First Aspect of the present 
invention, as shown in Figs. 1 to 3, the cross-sectional 
area A is increased by having a thick wall portion (12), 
increased in thickness, of a partition wall connecting to 
an outer wall (13) so as to serve as a filtrate passage 



(flow resistance relaxing portion), whereas according to the 
Second Aspect, the distance L is decreased by the filtrate 
discharging conduit opening (14) connecting to the outer 
wa 11 surface. 

According to the Third Aspect of the present 
invention, by providing communication voids separated from 
the cells of the honeycomb structure by means of partition 
walls (cell partition walls) for communication with the 
outside of the honeycomb structure, the flow distance L 
which is traversed by the filtrate resulting from filtration 
through the filtration membrane before the filtrate is 
discharged out of an outer wall of the filter after flowing 
through the inside of the partition walls is diminished. In 
this manner, a monolithic ceramic filter is realized in 
which the flow resistance presented to the filtrate is 
suppressed to a smaller value and in which limitation 
imposed on the filtration speed has been significantly 
e 1 i m i na ted . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a side elevational view showing a 
supporting member of a honeycomb structure according to 
Example 1 of the present invention. 

Fig. 2 is a side elevational view showing a 
supporting member of a honeycomb structure according to 
Example 2 of the present invention. 



Fig. 3 is a cross-sectional view taken along line A- 
A ' of Fig, 2 . 

Fig. 4 is a perspective view cf a supporting member 
of a honeycomb structure accord ing to a Comparative Example. 

Fig. 5 is a perspective view snowing a supporting 
member of a honeycomb structure according to Example 3 of 
the present invention. 

Fig. fi is a perspective view showing the ceramic 
filter of Example 3 of the present invention, when fitted 
with end frames. 

Fig. 7 is a perspective view showing a honeycomb 
supporting member according to a modified embodiment. 

Figs. 3 and 9 show further arrangements of flow 
resistance relaxing portions or communication voids as 
viewed in the cross section of the honeycomb structure. 

Figs. 10 and 11 show further arrangements of flow 
resistance relaxing portions as viewed in the cross section 
of the honeycomb structure. 
PREFERRED EMBODIMENTS 

Throughout all the Aspects, the shape which permits 
production of the filter by extrusion molding may be 
exemplified by a shape such that a number of thick wall 
portions or voids are formed uninterruptedly from one to the 
other end face of the honeycomb structure in the same 
direction as the direction of extrusion of the open cells of 



the honeycomb structure. 

As regards the Second Aspect, the d i scnarg ing 
conduit openings could be formed axially of the honeycomb 
structure within the thick wall portions, which allows 
advantageous extrusion molding. However, this arrangement 
would require additional measures at both the ends for 
separating the filtrate from the in-and out flow fluids. 
Throughout the First to Fourth Aspects, the filtrate can be 
discharged laterally out of the outer peripheral wail, and 
the separating conduits for the filtrate at both the 
honeycomb ends is either dispensed of or significantly 
s i mp 1 i f i ed . 

With the monolithic ceramic filter according to the 
First Aspect of the present invention, a part of the 
partition wall of the honeycomb structure is thickened and 
designed as a flow resistance relaxing portion. For 
instance, the thickened walls can be arranged at an interval 
of certain number of cells. A simplest example is a 
parallel arrangement as shown in Fig. 1. In Fig. 1 
additional thick walls may be disposed across (e.g., 
vertically) the holizontai thick walls. 

The flow resistance relaxing portion comprises a 
portion of partition wall of the honeycomb structure, which 
portion lias a thickness larger than that of the remaining 
portion of the partition wall and has its end face exposed 



in the outer (lateral) wall surface of the honeycomb 
structure. Preferably, the partition wall of the flow 

resistance relaxing portion has a thickness 1.5 to 10 times, 
and more preferably two to five times that of the remaining 
portion of the partition wall. 

Generally the following should be observed relating to 
the thickness of the flow resistance relaxing portion. 
Namely, the thinner, the less becomes the relaxation effect 
of the flow resistance; on the other hand, the thicker, the 
more diminishes the filteration area. 

Furthermore, an optimum value of this thickness should 
be determined taking in account of the size of filter 
(honeycomb structure), size of micropores in the membrane 
and the condition (viscosity etc.) of the supplied raw 
liquid to be filtered. In this regard, there are general 
tendencies as follows: 

(a) It becomes t flicker as the filter size increases; 

(b) It becomes thinner as the size of micropores of 
the membrane diminishes; and 

(c) It becomes thicker as the raw liquid has a lower 
filtration resistance. 

In summary, the thickness is determined so as to allow u 
maximum flow rate of the filtrate per unit volume of the 
filter of a specific raw liquid. 

It is noted that, if the thickness is less than the 



1.5 time, the effects of the flow resistance relaxing 
portion would be lowered, whereas, if the thickness is more 
than ten times, the filtration area per unit volume of the 
filter is decreased to lower the entire filtration capacn.y 
of the filter. Therefore, the thickness of 2 to 5 times is 
most preferred under the normal conditions. 

It is preferred that the honeycomb structure 
comprises a supporting member or substrate of the honeycomb 
structure, formed of porous ceramics having a mean pore 
diameter preferably in a range of from 1 urn to 100 Mm, more 
preferably in a range of 5 um to 20 jim , and a filtration 
membrane (1) {, preferaoly of porous ceramics) with a mean 
pore diameter in a range of from 5 nm to 5 urn, formed on the 
above-mentioned supporting member. The filtration membrane 
may be of any suitable material other than ceramics as a 
filtration membrane. 

The honeycomb structure may also comprise at least 
one intermediate layer formed between the supporting member 
of the honeycomb structure and the filtration membrane. 
This optional intermediate layer has a mean pore diameter 
intermediate between the mean pore diameter of the 
supporting member and that of the filtration membrane. By 
the provision of the intermediate layer is), occurence of 
crack formation and pin holes in the membrane can be 
effect iv el y prevented in order to improve the filtration 



precision. Note, however, in this case, the flow rate of 
pure water would be slightly reduced as compared to that 
having no intermediate layer, which is attributable to an 
increased partial filtration resistance caused by the 
intermediate layer. 

However, the supporting member for the honeycomb 
structure devoid of the filtration membrane, also suffices, 
depending on the desired filtration accuracy. 

A typical embodiment having a membrane and an 
intermediate layer is as follows: 

* honeycomb structure (supporting member): 

partition wall thickness = 1 mm, 

flow resistance relaxing portion = 4 mm thick 
cell size = 2 mm square 

pitch of flow resistance relaxing portion = 3 to 4 
cells 

* intermediate layer: 

average micropore size = 1.0 ^m 

* ceramic membrane: 

average micropore size = 0.2 |im 

The following is a typical method for producing the 
supporting member for the honeycomb structure. 

The ceramic starting material having a suitable 
particle diameter is mixed with an organic binder and water, 
and the resulting mixture is kneaded and extruded to a body 



having plastic mo 1 dab i 1 i t y . Sintering aid such as clay, 
glass etc. may also be added as inorganic binders, if need 
be. The body is further extrusion molded by an extrusion 
molding machine having a predetermined die lip. The molded 
product is dried and sintered to complete a supporting 
member, that is, a honeycomb skelton (First and Third 
Aspect ) . 

According to the Second Aspect filtrate discharging 
conduit openings (14) which open in the outer peripheral 
surface, preferably after drying, are formed at a 
predetermined pitch. The conduit openings (14) are 

disposed, preferably at right angles to the honeycomb axis 
for a better distribution and ease in manufacture. 

According to the Third Aspect, a green molded 
product is extrusion molded by an extrusion molding machine 
having a corresponding die lip. Otherwise as in the First 
Aspect, to produce a supporting member of a honeycomb 
structure having groove-shaped peripheral recesses (15) on 
the outer periphery (Figs. 5 and 7). 

The porous ceramics may be of any material such as 
alumina, silica, zircoma, mullite, spinel, cordiente, 
carbon, silicon carbide, silicon nitride or the like. 

On the surface of a raw fluid supply passage (11) of 
a supporting member having a honeycomb structure shown in 
Figs. 1, 3 or Figs. 5, 7, a filtration membrane formed of 



porous ceramics having a mean pore size of 5nm to 5 urn is 
formed to produce a ceramic filter. The following is a 
typical method for producing such filtration membrane. 

To a ceramic starting material in the form of powders 
or colloidal solution, having a suitable particle size, a 
solvent such as water, an organic binder, de f I occu 1 a t i ng 
agent, a pH adjustment agent, etc. are added and mixed 
together to produce a slip. This slip is coated on the 
surfaces of raw fluid supply passages (11) of a supporting 
member having a honeycomb structure. The resulting product 
is dried and sintered to produce a filtration membrane. The 
materials of the filtration membrane embrace alumina, 
zirconia, titania etc. 

According to the Fourth Aspect, the ceramic filter, 
produced in this matter, is fitted on its both entis with end 
frames (16). As shown in Fig. 6, each end frame (16) 
preferably comprises a rim portion (16a) and a plurality of 
protrusions 16b arranged for stopping up the groove-shaped 
recesses of the ceramic filter at the honeycomb ends. The 
end frame (16) is formed of stainless steel, ceramics, 
resins or the like and sealed or fused by an organic or 
inorganic adhesive or glasses. By mounting the end frame 
(16) in this manner, it becomes possible to prevent a raw 
fluid from being mixed into a filtrate, as well as to 
facilitate setting of the ceramic filter on a housing, not 



shown. The frames can also serve to strengthen the ceramic 
honeycomb structure. 

The ceramic filter may also be used under such a 
condition in which both ends of the groove-shaped recesses 
are sealed with an organic material, such as epoxy resin, or 
with an inorganic material, such as cement or glass sealing 
paste, thus without using the end frames. In addition, the 
ceramic filter may be used under such a condition in which 
end frame devoid of protrusions are affixed to the filter 
having both ends of the grooved recesses thereof sealed as 
described above. 

Although the cross-sectional profile of each supply 
fluid passage ( ce 1 1 ) is square in Figs. 1 to 3, and Figs. 5 
to 7, it may also be other shapes of polygon such as 
triangle, hexagon etc. circle and others. Besides although 
the supply fluid passages (cells) are arranged in a pattern 
of square meshes at the honeycomb ends and assume an outer 
profile of circular or square shape, they may also be 
arranged in any other patterns, such as patterns of 
hexagons, concentric circles, etc. in which the thick wall 
portions and grooved recesses may be arranged radially. 

Further possible arrangements of the flow resistance 
re lax ing portions (12) or communi cation voids (15) are 
illustrated in Figures 8 and 9, each for the square cells 
(11)- Fig. 8 represents a round profile of outer wall 13, 
while Fig. 9 a square profile thereof. Although not 



illustrated, concentric arrangement of cells (11) is 
possible in which the flow resistance relaxing portions (12) 
or the communication voids (15) may be disposed radially. 
As is apparent from these Figures, a combination of the flow 
resistance relaxing portion(s) (12'J and the communication 
void(s) (15) is also possible. The former (12') is shown m 
Fig. 9 in an intersecting fashion. Such combination would 
serve to strengthen the honeycomb structure provided with 
the communication voids! 15 ) , 

Turning to the First and Second Aspects, Figs. 10 and 
11 represent further embodiments of the flow resistance 
relaxing portions (12) with a pair of thick wall portions 
extending transverse of the cross section intersect another 
pair of thick wall portions at right angles, with 
bifurcations ( Fig. 10) or additional short extensions 
disposed remote from the pair at the remaining sections 
(Fig. 11). The bifurcations and short extensions 

communicate with the outer wall (13). 

It should be noted various patterns of the flow 
resistance relaxing portions and/ or communication voids are 
possible. However, symmetrical pattern distribution is 
preferred for suppressing deformation during preparation, 
which deformation would be ascribable to the assymetry in 
the cross section at the extrusion molding of the honeycomb 
s t ru c t u re . 
EXAMPLES 



Example 1 (First Aspect) 

To 100 parts by weight of alumina, having a mean 
particle size of 40 urn, 8 parts by weight of glass powders 
having a mean particle size of 5 urn as an inorganic binder, 
and 7 parts by weight of methyl cellulose as an organic 
binder, and a predetermined amount of water, were added and 
kneaded to form a plastic body for extrusion. Using an 

extrusion molding machine, having a die lip which will 
produce a c ro s s- sec t i ona 1 shape as shown in Fig. 1, the body 
for extrusion was extrusion-molded and dried to a 
sufficiently dried supporting member. The resulting 

supporting member was sintered in a sintering furnace at 
1250°C to produce a supporting member having a honeycomb 
structure shown in Fig. 1. The supporting member had a 

diameter and a length of 150 mm and 1000 mm, respectively, a 
mean pore size of 10 jim, a thickness of partition wall of 2 
mm, a thickness of a portion of the partition wall connecting 
to an outer wall thickened so as to be used as a filtrate 
passage (flow resistance relaxing portion) (12) of 8 mm, and 
a size of the supply liquid passage of the size of a side 
equal to 4 mm of a square. 

100 parts by weight of fine alumina powders having a 
mean particle size of 0.6 urn, 75 parts by weight of water 
and 4 0 parts by weight of an organic binder (a water-soluble 
acrylic resin having a solid content of 30 %) were charged 



into a container of a synthetic material and stirred and 
mixed with alumina pebbles for 24 hours in a ball mill to 
produce a slip for forming a filtration membrane. This 
slip for forming the filtration membrane was adsorbed to the 
surface of supply liquid passages of the supporting member 
of the honeycomb structure to form a (green) filtration 
membrane. The supporting member with the ( green) filtration 
membrane thereon was then dried and sintered at 1250°C. 
The filtration membrane thus produced had a mean pore size 
of 0.2 urn . 

The ceramic filter thus produced had a pure water 
transmission flow velocity at a differential pressure of 1 
kg/cm z equal to 2.5 m 3 /m 2 hr. 
Example 2 (Second Aspect) 

As shown in Figs. 2 and 3, a ceramic filter was 
produced in the same way as in Example 1, except. that a 
plurality of conduit openings l through-holes ) >]A) for 
discharging the filtrate were formed transverse to the 
honeycomb structure in the flow resistance relaxing portions 
( 12) of the supporting member of the honeycomb structure to 
reach the outer wall surface of the supporting member 
throughout the flow resistance relaxing portion. The 
conduit openings (14) for discharging the filtrate were A 
mm in diameter, while the distance between neighboring 
through-holes in the flow resistance relaxing portion was 10 



cm in a parallel arrangement. 

The ceramic filter thus produced had a pure water 
transmission flow velocity at a differential pressure of \ 
kg/cm 2 equal to 2.7 m 3 /m z nr. 

Note, however-, the conduit openings for discharging 
need not be a through-hole, but can open only with one ends 
thereof, while in this case alternate arrangement of 
openings to right and left (or up and down) surfaces of the 
outer wall is preferred. 
Comparative Example 1 

As shown in Fig. 4, a ceramic filter was produced in 
the same way as in Example 1, except that the portion of the 
partition wall connecting to the outer wall which was 
thickened so as to be used as a filtrate passage (flow 
resistance relaxing portion) (12) was not formed in the 
supporting member having the honeycomb structure. The 
ceramic filter thus produced had a pure water transmission 
flow velocity at a differential pressure of 1 kg /cm 2 equal 
to 1.9 m 3 /m z nr. 

Examples 3 (Third and Fourth Aspects) 

Using a die lip having a corresponding cross-section, 
a supporting member of a honeycomb structure as shown in 
Fig. 5 having a cross section with the groove-shaped 
peripheral recess 15 formed in the outer peripheral wall was 
produced otherwise in the same manner as in Example 1. 




The supporting member had a mean pore size of lOum, 
a diameter and a length of 150mm and 1000mm, respectively, a 
thickness of a partition wall of 2mm, a width of the groove- 
shaped peripheral straight recess of 4mm and a size of each 
side of a square of a liquid supply passage iceil ) of 4mm. 

Subsequently, a slip was prepared as in Example 1. 
This slip for forming the filtration membrane was adsorbed 
to the surface of supply liquid passages of the supporting 
member of the honeycomb structure to form a (green) 
filtration membrane. The supporting member with the (green) 
filtration membrane thereon was then dried and sintered at 
1250°C. The filtration membrane thus produced had a mean 
pore size of 0.2um. 

The ceramic filter, produced in this manner, was 
fitted with end frames as shown in Fig. fi, and the pure 
water filtration flow rate at a differential pressure of 1 
kg/cm 2 was measured and found to be 2.9m 3 /m 2 h. 
Comparative Example 2 

As shown in Fig. 4, a ceramic filter was produced in 
the same way as in Example 3 except not forming peripheral 
g roo ve - s haped recesses in the supporting member of the 
honeycomb structure and not fitting the end frames on the 
ends of the supporting member. Namely, the same filter as 
Comparative Example 3 and the result is the same. 
Meritorious Effect of the Invention 



# 



The monolithic ceramic filter according to the 
present invention, generally, is of the honeycomb structure 
capable of being produced by extrusion molding and hence is 
compact and easy in the industrial mass production, and may 
be increased in its filtration area. In addition, 

according to the First Aspect, by designing a part of the 
partition wall of the honeycomb structure as the flow 
resistance relaxing portion comprising a part of the 
partition wall of the honeycomb structure which is exposed 
with its end face on the outer wall surface of the honeycomb 
structure and which is larger in thickness than the 
remaining portion of the partition wall, the flow resistance 
presented to the filtrate within the partition wall is 
decreased, as shown by pure water transmission flow velocity 
data given in the above Examples, with the result that the 
filtration may be carried out efficiently. Besides, with 
the monolithic ceramic filter according to the First Aspect 
of the present invention, the complicated production process 
of stopping up both ends of the filtrate discharging 
passages (cells) or the supply liquid passages may be 
eliminated to enable less costly manufacture. 

According to the Second Aspect, thick wall portion 
which constitutes the flow resistance relaxing portion has 
conduit openings for discharging the filtrate, and thus a 
still improved filtration rate is achieved, additional to 



# 

the First Aspect. 

The monolithic ceramic filter according to the Thirc 
Aspect of the present invention is compact in size and 
simple in the structure, and have an increased filtration 
area. In addition, since the filter includes communication 
voids separated from the cells of the honeycomb structure 
via cell partition walls and communicating with the outside 
of the honeycomb structure, the flow resistance presented to 
the filtrate within the partition walls {cell walls) is 
diminished, as shown by pure water filtration flow rate data 
of the illustrative Example, thus enabling the filtration to 
be performed efficiently. Besides, the monolithic ceramic 
filter of such a shape as to permit production thereof by 
extrusion molding, according to the Third Aspect, can be 
produced at low costs because there is no necessity of 
boring openings for discharging the filtrate in the 
honeycomb structure. 

According to the Fourth Aspect, the unit according 
to the Third Aspect can be assembled into a filter casing 
without difficulty and with an improved strength. 

It should be noted that modifications apparent in the 
art can be made within the gist and concept of the invention 
as disclosed herein, without departing from the scope as 
claimed by the appended claims. 



